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(57) A lens 

little loss of solar energy, and can precisely condense 
incident light beams onto a condensing line; anS .is 1 - 
formed by, a combination of a plurality of lens segments, 



each ofr: which comprises a, stair T like j jncident-light 
surface ; and a refractive surface functioning as a 
condensing curved surface •.fbeing > /:sq : ^ormed^^at^.light 
beams passed r„, through t the . refractive surface;' are 
condensed as refra<^ 
when parallel light beams arevincident 
ilightisurfacert • . \- : -v:r; : . .' 
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-Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a condenser lens having a novel -structure, more particularly, the 
invention relates to a discontinuous light-beam condenser lens which can be ideally used for a solar-beam condensing 
furnace and the like. 

Description of Related Art 

[0002] In the field of solar-beam condensing furnace for extracting light energy by condensing solar beams, a 
variety types such as reflection type or direct permeating type have been used. 
[0003] A solar-beam-reflection-type furnace making use of a reflection mirror does not only generate much loss 
of solar energy, but ft is also difficult to conduct Work on conversing fine of solar energy and to control sun- 
following, and yet there have been such problems that the furnace itself become larger and a huge amount of capital 
15 spending is required. • ■ ;j , . . . 

[000*1 There have been various methods for utilizing solar beams by condensing solar beams onto a single line 

L v..,.,, _ . .. ... .r.; "..'i.,.s..v-jj— ... ...__.-_._-t_ _._.___.__ _.-i .__.__<____ ^....nfh _______ ■«?>___ r\f .__ Annwavlanc ____/■_-- -tha rnh\/OY 

withl 
lens 

reflection factor agai..~_ ..._~__.- . 
the condensed beams are varied widely so as not to be condensed onto a sinjgle 4me.#urther;ja ^nyexjens u^j in 
20 such conventional methods had to be ferge to re^iv^ ;solar beams in a wide range mm *s ^^xiS8iQn ?was thicker 
than the other r^rtiohs^ tq bepractically ^sed. J /iQ«7_ 

mods] In order to solve the above problems, the Japanese Laid-Open Patent Publication No. 62^226851 (1987) 
discloses a condenser unit comprising plurality of thin fan-shaped conveMenses^ 

other with ;fl_rt;ltdh^ #*rriinimum .reflection factor. ^o W ^ V er. the above /condenser unit was not 

ca^ble^of condensing^ 

SUMMARY OF THE INVENTION ^ -V- ,;^^ U > ? 

[0006] As a result df our researches >td solve the above problems, -the inventor of the : present invention 
•eventually achieved a novel discontinuous ^ighVbeam condenser lens fe^tunpg.;^ 

30 

c&ndehseMnctdent :iignt^De^ms^onro ^a-cpngensiny uue. h duuuiu uuuc oiuvu 

ttxbeam ^h^«^^nens,ferTned 
fand- a 



35 — r^ 

tr^ h * - - ; r vV . ;>;v, - ■ , , » > . 

/ [0008] To achieve the above object, *he discontinuous light-beam condenser lens according to the present 
invention is formed by a combination of a plurality of lens segments, each of which comprises: a stair-like incident- 
light surface; and a refractive surface functioning as a condensing curved surface, which is so formed that light 
beam s passed .through the refractive surface are condensed onto a single line. 
40 [0Q09] Further, a discontinuous light-beam condenser lens according to the present invention is so arranged that 
they can condense light beams onto a single line and is formed by a combination of a plurality of lens segments, each 
of which comprises; a stair-like incident-light surface; and a refractive surface functioning as a condensing curved 
surface, which is so formed that light beams passed through the refractive surface are condensed onto the single line. 
[0010] Still further, in the discontinuous condenser lens according to the present invention, above^descnbed 
lens segments are discontinuously linked together to form one plane. 
45 [0011] As described above, since a discontinuous light-beam condenser lens of the present invention is formed by 
precisely combining a plurality of lens segments, each of which comprises a stair-like incident-light surface as a 
flat surface and a refractive surface as a condensing curved surface, it features excellent incident light-beam 
permeability and little loss of solar energy and thus makes it possible to condense light beams in a linear form and 
also in rectangular form. Further, by using the discontinuous light-beam condenser lens of the present invention, it 
is possible to produce a large-scale condenser unit having a function of following up the movement of the sun, which 
has been considered to be impossible, and to materialize a condenser unit free from obstruction caused by wind 
pressure, rainwater, flying birds, and so on. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
55 [001 2] In the accompanying drawings, 

FIG. 1 is a cross-sectional view and a flat view of an embodiment of the discontinuous light-beam condenser lens 
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according to the present invention; 

FIG. 2 is a partial cross-sectional view of an embodiment of the discontinuous light -beam condenser lens 
according to the present invention; 

FIG. 3 is a basic schematic diagram of an embodiment of the discontinuous light-beam condenser lens according to 
the present invention; 

FIG. 4 is a perspective view of an embodiment of the discontinuous light-beam condenser lens 10 according to the 
present invention; 

FIG. 5 is a perspective view of an embodiment of one of lens segments comprising the discontinuous light-beam 
condenser lens according to the present invention; 

FIG. 6 is a partially enlarged cross-sectional view of an embodiment of the discontinuous light^beam condenser 
fens according to the present invention; 

FIG. 7 is a cross-sectional view of an embodiment of the discontinuous light-beam condenser lens according to 
the present invention; c > $ ;.->■«* 

FIG. 8 is a cross-sectional view and a flat view of an embodiment of the discontinuous light-beam condenser lens 
according to the present invention; and 

FIG. 9 is a perspective view of an embodiment of the discontinuous light-beam condenser lens according to the 
present invention. ....... v ■„. , . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS " - - ' v'<-y^-/ u. c-r 

[0013] Embodiments of the present invention will hereinafter be 'described wi^' referen(^ j tp>:the ; accompanying 
drawinjgs. 

[001 4] A lens seg ment 12, a « plurality .of whichr compose a disopntinudus light^beam condenser Jens according to 
the present invention, is described below wim reference to 

[OPli 5] |j A refractive surface 14 of the lens segment 12 is formed by part of cylindrical configuration having a 
predetermined curvature calculated; by the "law of - the crossed light". The lens se^m^nt;;12^<^mgri.ses the refractive 
surface!l4 functioning as a condensing ^un/e^ sur^ 

[001 6] Y reference to -Fte^ a 

pluralit^of toe lens/segments 1 2 according to the present invention is described below. When 'parallel -light beams 20 
pa^|tinj^ Jncidei^ the .lens ; ;:segment 12,- the parallel. Jight beams 20 

s^aiyr^>rwardly ; permeate torpu^hjtoteite^ because its 

^ •i6a9ept: : angl 4 e;;1s ' .p^^en^jcuiar to itoeind^ surfa^ the parallel 

^JigHt^t^ms^2i<). arrive at ' 'the refj^ti^e^^d^^ tunjctiqning as Bie condensing ^ refracted light 

beams 22 emerging *" from '. v /the ^ refracting J / surface 14 are: " ^v^h^ensed^ onto a 
cailculated condensing line' K^^-^a.sih'gi.e.lin^), . i'.' 1 • • ! '/ '\'.' : V"; . ' ^ ^ : ^- *\ ' 

,[0017] The^abbve mechanism is m the 1 IncideritTlight: surface 18, an angle of a 

gradient curved surface pf the refractive surface 14; satisfying 'the following equations^ (i) to (3) is (defined, 
whereby the angle of the condensing curved surface 16 of the discohtihuou^ H^ 
. invention is determined. ... - ' v '.?*'' ,* " 

[0018] / FIG. 7 is a, CToss-sectionatyiew of the. discontinuous light-beam condenser lens 10 ^according to the 
present .invention, 'TOmprising the , abpve 7 feferr^d plui^ Jens s^rherits 12. In 'FIG'.: 7, Y Is : . v -a center, line\bf this 
disc»ntindous light^bearn condenser 10, which is drawn ^^endicular r tp*;thfe incident *VH'9W.-.* s AiFf3<^'" "1 3V Q is an 
.intersection'' of ;a center line Y and a nprizdntal line R which center 

line Y forms with line X that links a point D a n a a cohdjen'sing Me it , " . . v r .'. , . V -I : \ 

[001 9] Assuming that the distance betwee^^ and the, distance ^between "the point O 

and" the condensing line K is Y, the following relationship can be 'established Between the distance 1^; the center axis 
Y; and the angle A: \ ' ' ' \ ' " ." T. ' "V\*/ ■ 

^ A = tan- 1 (R/Y) ■ (1) - • "/'"■ 

[0020] FIG. 7 is an explanatory view for determining an angle of refracted light X of the condensing curved 
surfaces at an arbitrary point D on the retracting surfaces x. It is well known >that the following relationship can 
be established according to the SnelPs law, -assuming that refractive indexes of transparent mediums (i.e. the lens 
and air in this case) are N-j and N 2 , an incident angle is 6 t ,and a refractive angle is 6 2 - 

N^inO^NjSinej 

[0021] Assuming that the lens is made of acrylic resin (paraglass), the lens has a refractive index of Nj= 1.49. 
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When an aerial refractive index of N 2 = 1 is applied to an arbitrary point D, the following equation (2) is established: 

1.49 sine, = sin9 2 (2) 

[0022] With geometrical-optical analysis, the following relationship can be established at an arbitrary point D 
on the condensing curved surface 16 (corresponding to the refracting isurfa.ee x):. 

G 2 - 0, = A (Pythagoras) (3) 

[0023] The above simultaneous equations (1), (2)i and {(3), are referred to as "condensing equations" in this 
specification, e, should be less than a critical angle of full reflection thereof, although it depends on the 
refractivelndexesof the medium and the lens. 

[0024] Unlike a conventional convex lens, the refractive condensing curved surface of the discontinuous light- 
beam condenser lens according to the present invention is formed with gradient curved surface satisfying "multiple 
simultaneous - 
[0025] The above-referred "multiple simultaneous equations based .pn the law of crossed light beams" are 
described below. 

(Multiple simultaneous equations) 

[0026] > . > • • • ' S1 .. . • 

1. sin 6 r (approximate algebra) x N 1 /N 2 ?sin 1 = ^(calculated numerical value) 

2. e^(calculated numerical value) - Pythagoras A(R/Y Ttan 1 ) = 0, (calculated numerical value) 

"'-'--- 'S^eS v * ; i 

" V\ yi-.^ ^«jn^: f . ■•< : ••.: , :vh"^v iv > ' V" v **; "'. '7>; .^li' « : " • / * , •.. - w — , .y' . \Z .iV : 

' *0 t (threefold*approximate*algebra) - 6? (numericaLvalues .via^threefold calculation) =;0 t 
[6628V L %ceoT^ir%fe^ 

[0029]^/ . The ;abdve>;eq^ which" are let 'out from the 

inadeht-light surface and /let in the condensing surface from the direction .perpendicular .thereto include few 
reflective componerits /except , trie •dijijes abs^r|Jed:lin%ie lens according "to '-the pptica I 'theory, almost all of the light 
beams are -focused on a single ^linelalong ^BpS^r, ; path ; s -having "the . t¥fract|M.e angle .which satisfies the Snell's Law. 
ln$fe£mbo$^ 

XQ0^6]y:> 1 embb^irrient of 

tfe /present invention. /FIG. 18. is/a/icros^tsectiona^ 'of $he 'discontinuous "iightrbearri :cbncjenser 

lens according to the present in veritiori. " " ' : * J ' ^ ^ 1 ■ 1 '' ' * ; V ' \ f '~' : V. 

[f^3^] >( . 1^ the incident-light .surface 18 is .formed into a stair- 

like /shape'ahd :thje refractive'- surface 14 frnctioris*' ajs}.the>;cpKdeh^in^ 'Surfaced 6: . Based ori the c§hd;ensing 

surface^.6^ ang $ie / incident-light surface 18 as the reference, the '■■lens segments ^havihgrli'r^dits'nt .^"n/^-}su/face 
' :fqnrp^/by^ are disposed in this ^isc^inuous 

lightlBeam cohd iehs : ^r!*ieri s^ LI' The discontinuous ligh£i^ ^pf' the present invention ^shb^tmi'FljG. 4 

arid /F-IG. 8 copdenses light beams refracted ^yja^pluralNlebs'-se lirre.^hile resjDectiye lens 

segments condense light beams onto a single 'jine'by^ of a plurality of lens segments In 'such a case that 

a/plurality of 1e^^ extremely high degree of heat ^tfjnterise rays 

of light can be generated on ^the condensing line. Arbitrary temperature and illumination can be ^ secure^ a e^rcJing to 
the ? iricidenWi<ght area and condensing position arearof ^e^lens^tfne number of lens segments, and a method of 
combining them. 

[0032] 5 .Materials suitable ; for lens segments light-beam condehserrlens according to 

th0 ^present invention are ^nqt -particularly limited, /^Sr^long ; as -light transmittance and 

transparency- light- weighty and^high mechaoica^sbnegigth which has the above ^properties and 

excellent workability* -can be preferably used. -■ . . : - f 

[0033] A fundamental requirement for the discontinuous light-beam condenser lens according to the present 
invention is that refracted light beams passing through the lens segments condensed at least onto a single line. Each 
of the lens segments may not always make contact with or be bonded with adjoining lens segments. Discontinuity on the 
level -surface provides space between respective lens segments. In particular, discontinuity on the level surface 
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avoids a variety of environmental problems that arise when the condenser unit is installed outdoors. Concretely, the 
space between the outdoor lens segments may act as a ventilation passage to avoid wind pressure, and moreover, 
since rainwater flows through the space between ttie lens segments, there are not accumulated inside of the lens. 
Further, since birds can fly through the space, there is no fear that birds collide with the lens. 

[0034] In order to hold the space between the lens segments, it is necessary that means for fixing the position 
of individual lens segment may be so provided that they can condense light beams at a predetermined distance. 
Concretely, as shown in FIG. 8 for example, the lens segments and the discontinuous condenser lens are fixed by 
providing means 26 for being linked to respective lens segment and supporting means 28 for supporting the 
discontinuous right-beam condenser Jens comprising a plurality of lens segments being linked with each other. In this 
case, an angle of refracted surface is set according to distance from the condensing line, and then, based on the 
design in accordance with the arigles, the condensing curved surface of individual lens segments is formed. 
[0035] As far as light beams refracted from lens segments can be condensed onto a single line, a combination of 
lens segments is not particularly limited. As mentioned above, there may be a case where light beams refracted from a 
plurality of lens segments are condensed onto a single line. In this case, jf refracted light beams are received on 
an arbitrary surface before being^cpndensed onto a single line, they -^are^condensed on a surface within a 
predetermined range. For example, if refracted light beams are revived oh, surfaces comprising N - N' line of the 
cross-sectional view shown in FIG; 8/ the light beams incident , upon the discontinuous light-beam condenser lens of 
the present invention are condensed oh, the shaded ar£a ip Fid. 9, so that high temperature and illumination intensity 
can be secured within this shaded area {The shaded area may be parallel; witH surfaces of the discontinuous light-beam 
condenser lens, otherwise it may bie formed at a predetermined jangle from the surfaces of the condenser lens. In this 
case, selections of temperature .0'^^ Jflt^^ln&Ooiri. 'JrlfieHri^^r . fcan be made^by \adjusting the calculated lens segments, 
which makes rt possible tase<^ 

[0036] The arrangement of the'above lens Segments is, not limited to: a square 'formation as shown in FIG. 8, but a 
wide variety' bFfoifiris' inducting a, circular form, polygonal forms, or such a form devoid of the center portion, or 
checkered pattern, may be selected fin ^nsideration of ^desirable temperkture.range or in accordance with the form of 
an area to be heated. ^ * < ^ .v ; ■ ? 

[0037] Further, a plurality of tt^disro^ the present invention 

can be utilized in combination. It is also possible to; intersect the condensing lines. ;lh this case, high temperature and 
illumination intensity can be generated::^ the light beams. Further, it is 

also possible that an arbitrary sur|a<|eldpser to the Jens : ^arj^ljiei^a^^ ••lines are concentrated 

receives refracted light. Further,iM;^ c^n b& provided in parallel, it is also 

possiblegto dispose a plurality of trM to the present invention. 

Thus, tr^arr^ng^ V '* '->r - } *? 7-' • v , 

[0038] T T0e thidcriiess of the discontinuous; light-beam condenser lens ^acSpp/ding to the present' invention can be 
thinned.idpwn. Therefore, the condenser lens of the present invention is suHablfelfor forming a large-scale condenser 
unit having strong wind-resistance and oyercoming problems caused by rainwater and flying birds, and the like. 
[0039] ^ There has thus been shown ahd^escriried a noVetdisrontinu^ lens which fulfills 

all the objects arid advantages sbtight ^erefore. \ Many J changes, /mpdifi^tions, variations and other uses and 
applications of the subject invention|:will,^however, become apr|arent ^ art after considering 

this specification and the accompianying drawings which disciose We preferred such changes, 

modifications, and variations and other uses, and applications whi<^ ^ n^ depart from the spirit and scope of the 
invention are deemed to be covered by the? invention, which is>to be limited only by claims which follow. 

Claims ■ ' / - ;S 

1. A discontinuous light-beam condenser lens formed by a combination of a plurality of lens segments, wherein each 
of said lens segments comprises: i ' ' ' i : Ji' ■ 

(a) a stair-like incident-light surface; and ; • ■ f? ' ; 

(b) a refractive surface functioning as a condensing curved surface, which is so formed that light beams 
passed through the refractive surface are condensed onto a, single line. 

2. A discontinuous light-beam condenser lens being so arranged that they can condense light beams onto a single 
line and formed by a combination of a plurality of lens segments, wherein each of said lens segments comprises; 

(a) a stair-like incident-light surface; and 

(b) a refractive surface functioning as a condensing curved surface, which is so formed that light beams 
passed through the refractive surface are condensed onto the single line. 



3. The discontinuous light-beam condenser lens according to claim 1 or 2, wherein said plurality of lens segments 
are discontinuously linked together to form one plane. 



EP 1033591 Printed from Mimosa 04/02/24 09 21:00 Page: 5 



EP -1 033 591 A2 



FIG. 



For coovtoMoci o* calculation. r*£nrtfr« todex in the air ia dtfiind as X. 
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FIG. 2 For mtvmaimacm of calculation, rafractW a index in tha air b dafinad aa L 

n6r*stiTm Lndax Cmwiiuxn} acrylic r«ain (pcraclaaa) LiS 

(air>-H[acryO *(aii>-» CnrmrUnmnylitx) 



•cryikrtaxn Nl-LO 
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T?T f~* Q For coimnUnc* of calculation, rBfracttv* Indax in the sir is defined &a 1 

if XVJ • O Tofiracthra inctac (medium) acrylic raain <parar>«a) 

Cair>-Kacryl>-*<air}— * (condenaing line) 
acrylic rosin 

Air N2=*l 
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FIG. 5 
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FIG. 6 
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